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Preface

The purpose of this book is to provide a comprehensive resource for research-
ers, practitioners, and the public on the use of robots for any type of disaster.
The recent series of earthquakes, tsunamis, oil spills, and mine disasters has
heightened the awareness of the value of robots for response and recovery
as well as for prevention and preparedness. The book is intended to serve
as an introduction for researchers and technologists who need to understand
the domain and the state of the art to apply their research and development
expertise to this emerging field; as a reference manual for agencies and emer-
gency managers on the state of the practice; and as a textbook for students in
field robotics and human-robot interaction. The book also acts as a history
of disaster robotics for the public and science writers seeking to place cur-
rent technologies in context with past innovations or deployments and to
project future uses and challenges.

Motivation

The motivation for writing this book stems from my engagement with
disaster robotics, now approaching 20 years. My primary goal is to pull
together the objective data and published findings about disaster robotics
from all sources in more detail than captured in the chapter on search and
rescue robotics that I co-wrote with many colleagues for the Handbook of
Robotics. My secondary goal is to share my “up close and personal” expe-
riences from the field. As a field researcher, I have adopted many meth-
ods from anthropology and cognitive science, especially the technique of
reporting case studies. Though my experiences do not support statistical
inference, the case studies offer a narrative on the complex sociotechnical
ecology within which robots must function. I also hope that the case stud-
ies impart at least some of the sense of excitement and discovery that has
made my career so rewarding.
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My involvement in disaster robotics started in 1995, when my research
shifted from artificial intelligence for mobile robots in general to artificial
intelligence specifically for disaster robots. The shift came in the aftermath
of the twin disasters of that year: the bombing of the Alfred P. Murrah
Federal Building in Oklahoma City in the United States and the Kobe earth-
quake in Japan. One of my graduate students at the Colorado School of
Mines, John Blitch, then a U.S. Army major with search and rescue training,
participated in the response at the Oklahoma City bombing. His experi-
ences motivated his master’s thesis that combined artificial intelligence and
operations research to analyze the utility of rescue robots, and they were
also responsible for my conversion to disaster robots.

My disaster robotics research shifted from the laboratory to the field in
1999 after my move to the University of South Florida. At the University of
South Florida, my group began working with the Hillsborough County Fire
Rescue Department and Florida Task Force 3. Under the tutelage of Chief
Ron Rogers, we had to discard most of our laboratory-based research in
artificial intelligence and marsupial platform designs where a mother robot
would carry and deposit a daughter robot. The research was not address-
ing the needs or the realities of fire rescue operations. I drew on my fond
memories of an anthropology course that I took as an undergraduate and
started conducting ethnographies during exercises, creating the foundation
for my work in human-robot interaction. We began routinely participating
in exercises and even taking response classes to learn more about the reali-
ties of disaster response. The fieldwork changed not only our research but
also the type of equipment we purchased with grants, how we packed and
stored the gear for ease of transportation to field exercises, the tools and
spare parts we brought along, and the data we learned to collect.

The shift from field research to actual deployments started in 2001. On
September 11, 2001, my group joined the Center for Robot-Assisted Search
and Rescue (CRASAR) for the response to the collapse of the World Trade
Center, the first reported use of rescue robots. CRASAR had been formed 2
weeks earlier by John Blitch. He was in the process of stepping down as the
manager of the Defense Advanced Research Projects Agency (DARPA) Tac-
tical Mobile Robots program, which created the iRobot Packbot, QinetiQ
Talon robots, invested in the Inuktun series of microrobots, and inspired
the Dragonrunner and throwable robots. He wanted to use CRASAR to push
for the use of small military robots in emergency response, which was eerily
prescient. At the World Trade Center, the 2 years of fieldwork allowed my
team to contribute to the response: Our small robots were the most heavily
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used, we set up the data collection and archiving processes, we provided
tools, and we could speak the lingo.

In 2002, I became the director of CRASAR when John resigned to return
to military service in Afghanistan. Under my direction, CRASAR has con-
tinued to lead the way in deploying robots, including the first deployment
of unmanned surface vehicles, which was at Hurricane Wilma in 2004,
and the first deployment of small unmanned vehicles at Hurricane Katrina
in 2005. The CRASAR cache of tactical ground, aerial, and marine robots
remains on call 24/7, and upon my move to Texas A&M University, we
established the Roboticists Without Borders program to match robots from
industry and agencies with disasters. CRASAR also trains emergency man-
agers and responders all over the world about robots and how they can, and
have, been used. Other agencies have adopted robotics, and the deploy-
ments have begun to accelerate.

Within the academic community, I have been active in establishing
disaster robotics and human-robot interaction as a recognized discipline
within robotics and automation, cofounding an annual scientific confer-
ence, the IEEE International Symposium on Safety, Security, and Rescue
Robotics, and hosting numerous workshops and tutorials. I have continued
to publish and conduct basic research in my field. These activities have
exposed me to other perspectives on rescue robotics and allowed me to wit-
ness the growing interest in, and frequent questions about, disaster robotics.

Now, with more than a decade of deployments and research since the
collapse of the Twin Towers of the World Trade Center, disaster robotics
has matured, and the range of deployments is sufficiently broad to merit a
comprehensive examination of the field. As of April 2013, I personally have
the most experience with those deployments of robots (15 of 34) and in for-
mally analyzing the performance of robots at those 15 deployments and at
8 other disasters. This gives me a unique position from which to synthesize
the state of research and the state of the practice in disaster robotics.

Content and Convention

This book uses several features designed to promote learning and to stimu-
late further reading and discussion. Each chapter begins with a statement
of objectives and ends with a summary to help the reader to find informa-
tion of value. Chapters 2-5 include a section on common misperceptions
about the topic for that chapter, the gaps between theory and practice,
and what research directions are suggested by those gaps. Case studies are
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interspersed, and they illustrate particular technologies and the role of the
robots in the larger emergency enterprise.
The book is divided into six chapters, as follows:

 Chapter 1 provides a broad overview of rescue robotics in the context of
the larger emergency informatics enterprise, the specific missions, and the
major applications of robotics by the type of disaster.
+ Chapter 2 presents a summary of the 34 deployments of robots to disas-
ters worldwide in chronological order and offers a formal analysis of how
well they have performed their missions and where and why they have
tailed and the general trends.
» Chapters 3, 4, and 5 describe the typical disaster robot modalities: ground,
aerial, and marine, respectively. Each of these chapters follows the same
organization of content to enable the reader to compare and contrast the
modalities. The chapters repeat and expand on the material from chapters
1 and 2, so that a reader interested only in one modality, say unmanned
aerial vehicles, can go directly to the relevant chapter to find

= the types of robots within that modality;

* the environments they are expected to operate in, the missions and

tasks, and where they have been used;

" the selection heuristics for determining if that modality is appropriate

for a disaster; and

® the surprises, gaps, and open research questions.
+ Chapter 6 describes the types of fieldwork and provides practical advice
in planning and conducting fieldwork, what data to collect and how, and
working with emergency professionals.

In addition, a list of acronyms and abbreviations and a glossary are found
at the back of the book.

The book is written largely in third person but uses a first person point
of view in two different situations. First person is used for the case stud-
ies in keeping with ethnographic reporting norms and because based on
more than 20 keynote addresses and tutorials, [ have found that first person
storytelling encourages the reader to relate to the realities of disasters and
think more closely about how to apply the principles that are distilled in
this book. First person is also used to distinguish when material is from
the corpus of studies that I as a scientist have contributed to or when the
analysis is based on my personal experience. While this book is intended to
be a distillation of the entire field and should neutrally reflect the state of
the art, my biases most certainly appear, and first person alerts the reader
to that possibility.
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The book uses boldface and italic to help highlight material. Boldface is
used for definitions and important concepts that an instructor may wish to
emphasize or test over, and italic is used for emphasis.
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